This study tests the hypothesis that the early diagenesis of aragonite shells should differ 14 fundamentally between marine and freshwater environments. This is predicted to be the case 15 because aragonite is highly susceptible to dissolution in the TAZ (Taphonomically Active Zone) in low 16 energy marine settings due to acidity caused largely by the oxidation of H2S generated by sulphate-17 reducing bacteria, but reduced sulphide activity in freshwater settings should result in less early 18 dissolution of aragonite. To test this hypothesis a range of fresh-brackish-hypersaline and marine 19 limestones were sampled from the Upper Jurassic (mid Oxfordian) Cabaços Formation of central 20 western Portugal. In these freshwater and brackish deposits, molluscs are preserved mostly as 21 sparite shell replacements indicating that the original aragonite was preserved through the TAZ and 22 was later replaced during subsequent burial by calcite cement. In limestones deposited in more 23 marine to hypersaline settings, molluscan remains mostly consist of the calcitic layers of bimineralic 24 bivalves, as shell where the original was wholly calcitic, or as gastropod steinkerns. Exceptions occur 25 and reflect other factors such as higher energy conditions during deposition whereby organic 26 matter, as the drive for microbial decay processes, was removed. The implications for molluscan 27 preservation including some hydrocarbon reservoirs are discussed. 28 2
was later replaced during subsequent burial by calcite cement. In limestones deposited in more 23 marine to hypersaline settings, molluscan remains mostly consist of the calcitic layers of bimineralic 24 bivalves, as shell where the original was wholly calcitic, or as gastropod steinkerns. Exceptions occur 25 and reflect other factors such as higher energy conditions during deposition whereby organic 26 matter, as the drive for microbial decay processes, was removed. The implications for molluscan 27 preservation including some hydrocarbon reservoirs are discussed. 28 31 The mechanisms and effects of the mobilization of carbonate during shallow burial in 32 marine waters have been appreciated for some time (e.g. reviews by Sanders, 2003; Cherns 33 et al., 2011): calcium carbonate, especially the more soluble aragonite, is dissolved in the 34 uppermost sediment layer largely as a result of acidity caused by the oxidation of H2S, itself 35 produced by bacterial sulphate reduction. In lower energy settings organic matter can 36 accumulate in finer grained sediments, whether siliciclastic, carbonate or of mixed 37 composition, and sources the microbially mediated decay processes that then drive skeletal 38 carbonate dissolution, and re-precipitation. 39 While most of the effectively syndepositionally dissolved carbonate back-fluxes to the 40 water column, a fraction is re-precipitated as calcite in the sediment column in areas of 41 increased alkalinity, such as depths where sulphate reduction takes place, to produce 42 diagenetic bedding (Munnecke and Samtleben, 1996; Westphal and Munnecke, 2003;  43 Wheeley et al. 2008 ). This oxidized zone, effectively the taphonomically active zone (TAZ) of 44 Aller (1982) and Davies et al. (1989) , will be controlled by diffusion from the overlying water 45 column, if oxygenated, and by mixing caused by bio-irrigation (mainly burrowing). 46 
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The hypothesis being tested in this study is that as oxidation of H2S is a major factor 48 triggering dissolution of aragonitic shells, its effects should be less in many non-marine low- than freshwaters to be undersaturated with respect to aragonite. However, the 53 concentration of sulphate in freshwater ranges from ~10 to >500 µM, much lower than in 54 seawater (28 mM) (Holmer and Storkholm, 2001 ). 55 To test this hypothesis we have examined a range of fresh─brackish─marine and 56 hypersaline limestones from the Upper Jurassic Cabaços Formation of central western 57 Portugal ( Figs 1A, 2) . While the data set shows a general difference in the preservation of 58 former aragonite-bearing molluscan material between freshwater and other more saline 59 waters, other factors need to be considered such as rates of burial, organic-matter content 60 of the original sediment and the life position of aragonitic organisms relative to the TAZ. corresponding to the proximal marine facies associations broadly named "Candeeiros" in 95 industry reports (Fig.2) .
96
The basal Cabaços typically consists of medium to thick-bedded non-marine limestones, 97 marls and lignites with a broad thickening trend towards the west and south from 12-16 m 98 at Serra dos Candeeiros, Maciço Calcário Estremenho (Fig. 1B) This study focuses on the Pedrógão section (Fig. 1B) The well exposed coastal section at Pedrógão beach (Fig. 1B) exhibits an Upper Callovian- (Fig.5A, B) . The most common fossils are calcitic shells of This unit, some 6 m thick (Fig. 6) The ostracod assemblage is of lower diversity and indicates variably brackish to saline 316 conditions, as it lacks the oligohaline Theriosynoecum, whereas the euryhaline S. Overall, aragonitic molluscs preserved by sparite replacement are uncommon (Fig. 6A, B) 339 although exceptions include one bed rich in very small gastropods close above an evaporite 340 horizon, and the imbricated shell horizon (Fig. 6A) . Filament material is less rare, although 341 not common (Fig. 6C) . deposits and were not noted in the units described in this study. 
